Sexual maturity, temporal reproductive pattern, and recruitment of juveniles were examined for the shrimp Rimapenaeus constrictus at three different bays in the Ubatuba region (Mar Virado, Ubatuba, and Ubatumirim), State of São Paulo (238S 458W). Monthly samples were taken from January 1998 to December 1999. The presence or absence of mating plugs (associated with mating and insemination) and ovarian maturity were used to examine breeding in adult females. The whole sample comprised 3863 females and 1468 males. Estimates of size (carapace length) at the onset of sexual maturity were 7.0 mm and 7.8 mm for males and females, respectively. Higher percentage of females bearing ripe gonads was observed during spring and summer over the course of the study, contrasting to the low proportion in fall 1998 and winter 1999. Juvenile shrimps were sampled year-round. These results suggest a continuous reproductive pattern for R. constrictus. Mating, spawning, and juvenile recruitment took place mostly in shallow waters up to 20-m depths in the study region. Warm to mild temperatures may favour the spawning pattern observed in this species. The classical paradigm of continuous reproduction at lower latitudes, with increased seasonality of breeding period at higher latitudes, seems to apply to this species.
The environmental conditions affecting the duration of the spawning season in marine invertebrates, including crustaceans, are still poorly understood (Sastry, 1983; Bauer, 1992; Bauer and Vega, 1992) . One of the main objectives concerning study of the reproductive ecology of benthic invertebrates is to test latitudinal trends of timing of reproductive activity and recruitment of juveniles. This approach may be used to test the effect of a given environmental stimulus (proximal factors) and predict selective pressure (ultimate factors) accounting for a particular seasonal pattern of spawning and recruitment of juveniles. Such methodology may also provide a basis to predict possible alterations caused by natural and anthropogenic disturbances (Bauer and Vega, 1992) .
The shrimp Rimapenaeus constrictus (Stimpson, 1874) (formerly Trachypenaeus constrictus prior to revision by Pérez Farfante and Kensley, 1997) is distributed from Nova Scotia, Canada, to Santa Catarina, Brazil (Pérez Farfante and Kensley, 1997) , usually occurring in shallow waters to 30-m depth (Williams, 1984) . This species is not commercially exploited because of its small size, but it may play an important ecological role as a part of the trophic web within its habitat range.
There is little basic information on the seasonal trends of reproduction and recruitment for R. constrictus in the southern hemisphere. In the northern hemisphere, Brusher et al. (1972) and Bauer and Lin (1994) reported discontinuous reproduction taking place at latitudes near 308N (subtropical-temperate), with intense spawning during the summer when water temperatures were higher.
São Paulo State is located between 238209S and 258159S latitudes, and it is characterized by a subtropical-tropical climate. In this region, there are only a few accounts of the reproduction of dendrobranchiate shrimps. Almost all available information in the literature (Rodrigues et al., 1993; Nakagaki and NegreirosFransozo, 1998; Fransozo et al., 2000) regards populations of the species Xiphopenaeus kroyeri. All those contributions report continuous reproduction, with lower proportions of females bearing ripe gonads during winter.
The purpose of the present study is to determine the size of morphological and physiological sexual maturity of R. constrictus and to determine the seasonal variation of spawning intensity and recruitment of juveniles in three different bays within the Ubatuba region (238S 458W), northern coast of São Paulo State. Additionally, we compare our findings with those obtained by Bauer and Lin (1994) for the same species in a northern hemisphere subtropical-temperate zone.
MATERIALS AND METHODS
Shrimps were collected monthly from January 1998 to December 1999 at Mar Virado (MV), Ubatuba (UBA), and Ubatumirim (UBM) bays, located in the Ubatuba region, São Paulo State. In each bay, six 2-km transects were delimited and trawled over a 30-min period covering a sampling area of 18,000 m 2 . Four transects were located at average depths of 5 (IV), 10 (III), 15 (II), and 20 m (I), and the other two were close to rocky shores (an exposed and a sheltered shore, transects V and VI, respectively) ( Fig. 1) . A shrimp fishing boat equipped with two double rig nets (mesh size 20 mm and 15 mm in the cod ends) was used for trawling.
At each transect, salinity and temperature (bottom and surface water), depth, organic matter contents and grain size of sediments were monitored. A detailed description of sampling methods and the analysis of environmental factors during the same period are available elsewhere (Bertini et al., 2001) . Because R. constrictus inhabits the bottom, we used only the bottom temperature of each month of sampling for analysis.
All captured individuals were sorted according to sex and measured (accurate to 0.1 mm). Carapace length (CL) was chosen as the size dimension, corresponding to the distance between the orbital angle to the posterior margin of the carapace. Size-frequency distributions were constructed separately for males and females using 0.50 mm CL size intervals.
The relative frequency percentage of adults in each size class was plotted, and the logistic function y ¼ 1/(1 þ e r(CL-CL50) ) was fitted to the data, where CL 50% corresponds to the size at which 50 percent of the individuals are considered adults, and r stands for the slope of the curve. Fitting was carried out following the least squares method (Aguilar et al., 1995; Vazzoler, 1996) , requiring a size range overlap of adults and young of at least two size classes. The shrimps were therefore distributed in 0.5-mm size intervals.
The reproductive condition of females was determined by macroscopic observation of degree of ovarian development (such as color and volume occupied by the gonads) and the presence or absence of sperm masses in the seminal receptacles, according to methods of Bauer and Vega (1992) and Bauer and Lin (1994) . Two measures of female breeding activity were calculated for each season of year: percentage of adult females with mature ovaries and percentage of adult females that were inseminated. Three stages were identified for the development of ovaries, adapted from the method used by Bauer and Vega (1992) and Bauer and Lin (1994) , i.e., immature (juveniles), spent (group of adult individuals with undeveloped gonads), and mature (group of individuals with developing and ripe ovaries). The late stage was considered to be approaching or represent imminent spawning. Ovaries categorized as immature varied from thin, transparent strands to thicker ones. Mature ovaries were much larger and thicker and varied in color from yellow to light orange (spent), light green (developing), and green to olive green (ripe).
Observations were taken on all females for insemination, recognized by presence of a mating plug protruding from the genital area, the thelycum (Bauer and Min, 1993) . The reproductive status of males was assessed by examining the shape of the petasma, which is fused in adult individuals (Pérez Farfante, 1969) .
The relative abundance of juveniles and adults of each sex and the degree of ovarian development in females were calculated for each season over the study period. For crosstransect comparisons, the proportions of males and females in each stage of gonad development were recorded. The Spearman's correlation coefficient was used to test the null hypothesis of no association between temperature and (a) the frequency of recruits, and (b) frequency of breeding females. In this analysis, monthly temperature and abundance values were plotted. Student's t test was used to test size differences between males and females.
RESULTS
During this study, a total of 5331 shrimps (3863 females and 1468 males) were captured. For the females, average size recorded was 12.7 6 2.5 mm CL, ranging from 3.4 mm to 19.7 mm. Average size of the males was 9.0 6 1.3 mm CL, varying from 4.1 mm to 15.7 mm CL. A two-tailed Student's t test indicated significant differences between sexes (P , 0.05).
The onset of sexual maturity was estimated at CL 50% ¼ 7.8 mm and CL 50% ¼ 7.0 mm for females and males, respectively. The largest immature female was 7.8 mm CL, whereas the smallest female bearing developed gonads was 7.4 mm. The largest immature male was 8.2 mm CL, whereas the smallest male with fused petasma was 5.3 mm.
Reproductive condition of females and males is illustrated in size-frequency distributions from seasonal collections (Fig. 2) . Males with fused petasma were found throughout the study period. Breeding females were also found throughout the years, but the highest percentages of females with mature ovaries occurred during spring (. 35%) and summer (. 42%) ( Table 1 ). The period of low ovarian maturity was fall 1998 (10.0%) and winter 1999 (6.0%). Inseminination (presence or absence of mating plugs) in adult females followed a pattern similar to that for ovarian maturity (Table 1 and Fig. 3) .
Variation of the abundance of mature females is shown together with the variation of bottomwater temperature in Fig. 4 . In both years, high percentages of females bearing mature gonads were recorded from October to April (spring to autumn), with a peak from January to February (summer). No significant correlation was found between the relative frequency of breeding females and bottom-water temperature during 1998 and 1999 (Spearman, rs ¼ 0.27, n ¼ 24, P . 0.05).
Recruitment estimates for R. constrictus based on percentage of juvenile shrimps showed no evident seasonal patterns. The juveniles were found, although in small numbers, during all months for both years, except for March, May, and November 1999 when no individual was captured (Fig. 5) . Highest percentage of juveniles was detected from January to March and in May 1998.
Breeding females were found at all sampled sites, except for transect IV in Mar Virado (Table 2) . After analysing the total number of shrimps in each bay, we observed that the proportion of juveniles was higher in Ubatuba Bay (6.16%) when compared to Mar Virado (3.78%) and Ubatumirim (3.06%). Within each bay (Table 2) , juveniles shrimps were found, mainly, at transects V and VI in Mar Virado and markedly at transect VI at Ubatuba Bay. Otherwise, in Ubatumirim, juveniles were found with a higher incidence at transect III. Their lower occurrences were observed in shallower sites (transect IV) and deeper sites (transect I) than the others. DISCUSSION A sexual dimorphism according to size was verified in R. constrictus, with females attaining a larger size than males. This indicates differential growth rates between sexes. According to Boschi (1969) , sex-related body-length differences between males and females are a general rule among penaeids. Rodríguez (1987) and Gab-Alla et al. (1990) reported slower growth rates in males, and suggested that reproductive processes are related to such a difference.
Maximum and minimum sizes of carapace length and the size at sexual maturity for this species, verified during this study, were similar to those previously recorded by Bauer and Lin (1994) in the northern Gulf of Mexico.
Breeding R. constrictus individuals were found over the entire sampling area. This pattern does not match the type III life-cycle determined by Dall et al. (1990) for the genus Rimapenaeus (¼ Trachypenaeus), in which mating and spawning take place offshore while recruitment of young occurs in inshore areas. Yet, the results reported in this study agree with those obtained by Bauer and Lin (1994) , that is, the entire juvenile to spawning adult portion of the life cycle may occur in inshore waters.
The presence of juvenile individuals and mature females throughout the year, as verified during 1998 and 1999, suggests that this species breeds continuously. However, there is evidence for a higher reproductive activity during summer compared to winter months. Otherwise, there were no seasonal trends in recruitment of juveniles. Bauer and Lin (1994) attempted to correlate the pattern of spawning (as indicated by ovarian condition of females) with recruitment using an appropriate lag period between spawning and subsequent recruitment. These authors reported no correlations between stock of the females with mature gonads and recruitment.
The seasonal variation of the frequency of females bearing mature ovaries was similar in R. constrictus and Xiphopenaeus kroyeri, taking into account the results obtained for the latter by Nakagaki and Negreiros-Fransozo (1998) . For 
277
R. constrictus, the classical paradigm of continuous reproduction in the tropics and seasonal reproduction at higher latitudes, increasingly restricted in time with an increase in latitude, receives support from results this study. Bauer and Lin (1994) verified that reproduction in R. constrictus was restricted to the warmer months in a temperate-subtropical area between 288 and 308N. Those authors did not find any females with mature ovaries and not even inseminated females during the winter, when the temperature varied from 128 to 178C. In the present investigation, the temperature of sea water during winter months in both years varied from 218 to 258C. Such fact could be decisive to finding mature females in winter, despite their low occurrence.
Several other studies have indicated that temperature is an important factor regulating the spawning periodicity in penaeids. Pérez Farfante (1969), Crocos (1987a, b) , Dall et al. (1990) , and Bauer and Vega (1992) have demonstrated that spawning in penaeid shrimps is usually centered in the warmer months. Bauer and Lin (1994) showed a significant positive correlation between bottom-water temperature and the frequency of mature females for R. constrictus. The authors concluded that this variable might directly affect the development of ovaries.
In the Southeastern Brazilian region, the upwelling current of the South Atlantic Central Water (SACW) is responsible for the decrease of coastal water temperature during summer, among other alterations of bottom-water characteristics (Castro-Filho et al., 1987) . The intrusion of SACW was detected in this study during spring and summer of both years, which promoted a decrease of the mean temperatures in those periods (see Bertini et al., 2001; Costa and Fransozo, in press ). This may explain the lack of a significant correlation between the relative frequency of breeding females and bottom-water temperature.
The hypothesis that food availability is the ultimate factor selecting seasonal reproduction has been addressed in several studies on the breeding periodicity of marine invertebrates that have planktonic larvae (Sastry, 1983; Bauer, 1989 Bauer, , 1992 Pearse et al., 1991; Bauer and Vega, 1992; Bauer and Lin, 1994) . The breeding patterns of R. constrictus are qualitatively concordant with annual patterns of phytoplankton-zooplankton (larval food) abundances reported in studies carried out near areas where the adults were sampled, i.e., at the northern coast of São Paulo State (Vega-Pérez, 1993; Gianesella-Galvão et al., 1997) .
According to Vega-Pérez (1993) , the Ubatuba region is considered oligomesotrophic, i.e., there are moderate values of chlorophyll-a. During spring and summer, there are higher values of chlorophyll, usually when there is an intrusion of SACW in this region. The higher phytoplankton production must promote subsequent production of herbivorous zooplankton. Moncreiff et al. (1992) measured the phytoplankton production in the Gulf of Mexico, close to the area where Bauer and Lin (1994) studied R. constrictus. Highest density of planktonic organisms was verified during summer, whereas lowest values were obtained during winter. This variation coincides with higher and lower frequencies of R. constrictus females with mature gonads, suggesting that food availability for larvae (indicated by phytoplankton production) may be an important selective factor shaping the seasonal breeding pattern in this species. The low frequency of juvenile shrimps at the central transects of the sampled bays (depth range from 2 m to 5 m) suggests that this species does not invade the estuaries, as indicated by Dall et al. (1990) . Juveniles were found instead at the transects perpendicular to the coastline (V and VI), probably due to substrate characteristics.
Higher abundance of juvenile shrimps in Ubatuba Bay may be related to the also elevated organic content found in the sediments. The studies conducted by Stoner (1988) , Vance et al. (1996) , Costa and Fransozo (1999) , and Pérez-Castañeda and Defeo (2001) have demonstrated a preference for organic-enriched substrata by juvenile penaeids.
In general, one may conclude that the embayments, such as those chosen as study areas in the present study, are of utmost importance for the establishment, growth, and reproduction of this species, similar to what was concluded for the shrimp Xiphopenaeus kroyeri (Nakagaki and Negreiros-Fransozo, 1998) . These results may be used to create a more appropriate fishery policy in the study region. Local fishing grounds should be more wisely exploited in order to stop the ongoing decline of living stocks. Trawl fishing may be causing a severe disturbance in the benthic environment in the Ubatuba region. Fig. 4 . Variation of the percentage of females with ovary mature (solid lines) and monthly average bottom-water temperature (8C) (filled circles) at the study areas, from January 1998 to December 1999. The percentage of females with ovary mature was calculated in relation to the total of adult females. 
